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(57) ABSTRACT 

A laser processing machine includes a measuring cell into 
which gas to be analyzed can flow, a means for decoupling 
diagnostic radiation from the laser radiation provided for 
material processing of a workpiece, and a sound detector for 
detecting the photo-acoustical effect produced in the measur 
ing cell due to absorption of the diagnostic radiation by gas in 
the cell. 
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1. 

LASER PROCESSING MACHINE WITH 
MONITORING OF GASATMOSPHERE AND 

OPERATING GASES 

CLAIM OF PRIORITY 

This application claims priority under 35 USC S 119(a) to 
European Patent application number 02017281.3-1262, filed 
Aug. 1, 2002, the entire contents of which are hereby incor 
porated by reference. 

TECHNICAL FIELD 

The invention relates to a laser-processing machine and 
more particularly to a laser-processing machine for process 
ing workpieces. 

BACKGROUND 

In a laser-processing machine including a CO laser, laser 
radiation for material processing is generated by molecular 
oscillations. The generated laser radiation is usually guided 
through a gas atmosphere, which is kept free from Substances 
that absorb the generated laser radiation with particular mea 
SUCS. 

The measurement of the photo-acoustical effect was pub 
lished, e.g. by L. B. Kreutzer: Laser opto-acoustical spectros 
copy. A new technique of gas analysis, Anal. Chem. 46239A, 
(1974). 
German patent, DE 19535 720 A1, discloses a method and 

an arrangement for leak-proofing of housings, in which gas 
escaping from the housing is irradiated by a light bundle from 
a light source, which is designed Such that when the housing 
is not tight, the photo-acoustical effect can be measured. To 
improve the measurement, a feedback circuit is suggested. 

To control the gas atmosphere, conventionally a molecular 
sieve is used (see e.g., European patent, EP 0 749 800) or 
nitrogen is used as a filling gas for the beam path (see e.g. WO 
95/33594). 

Applications against or shielding from gas entering from 
the outside are also known in the art. 
CO laser radiation is absorbed by many molecules to a 

higher or Smaller degree. A precondition for absorption is that 
one of the molecular compounds has the matching binding 
energy. Examples of Such gaseous Substances that must be 
kept away from the beam path are SF, CH, halogenized 
hydrocarbons, ammonia, alcohols, acetone, and CO. 

The detrimental effect of these gases is not absorption per 
se and therefore weakening of the power of the laser radiation 
required for processing, but the optical effect on the laser 
radiation produced through absorption, which widens the 
beam and distorts the phase front. The absorption that is 
relevant for laser processing machines has hardly any nega 
tive effect on the power. The actual detrimental effect is the 
negative influence of laser radiation resulting from the tem 
perature increase and the resulting change of the refractive 
index. 

Investigations have shown that impurities of <100 ppb (0.1 
ppm) SF, which has the highest known absorption at 10 um 
wavelength, is sufficient to decisively impair cutting of Steel 
sheets with 3 kW laser power. 

SUMMARY 

The invention permits monitoring of the gas atmosphere 
and operating gases, which interact with laser processing, 
within a laser-processing machine. 
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In a first general aspect, a laser processing machine 

includes a measuring cell into which gas to be analyzed can 
flow, a means for decoupling diagnostic radiation from the 
laser radiation provided for material processing of a work 
piece, and a Sound detector for detecting the photo-acoustical 
effect produced in the measuring cell due to absorption of the 
diagnostic radiation by gas in the cell. 
The laser processing machine may include one or more of 

the following features. The laser radiation is may be CO laser 
radiation. The means for decoupling the diagnostic radiation 
from the laser radiation may include a means for diffracting 
laser radiation used for power measurement. The means for 
decoupling the diagnostic radiation from the laser radiation 
may include a means for reflecting laser radiation used for 
power measurement. The means for decoupling the diagnos 
tic radiation from the laser radiation may include a partially 
transparent mirror for reflecting laser radiation used for 
power measurement. The partially-transparent mirror may be 
a rear mirror of the radiation Source. The laser-processing 
machine may further include a mechanical means for gener 
ating a pulsed diagnostic radiation. The laser-processing 
machine may further include an electronic means for gener 
ating a pulsed diagnostic radiation. The laser-processing 
machine may further include a control unit for using a rinsing 
gas in response to the photo-acoustical effect measured. The 
control unit may beformed for controlling the flow rate of one 
or more Supply gases of the laser processing machine and of 
working or cutting gases in response to the analysis of a gas 
atmosphere in feed lines or in a laser beam path. The laser 
processing machine may further include a common measur 
ing cell for analyzing gases of the laser-processing machine. 
The gases of the laser-processing machine are may be supply 
gases, working gases, or cutting gases of the laser-processing 
machine. The laser-processing machine may further include a 
filter, where the configuration of the measuring cell and the 
sound detector is adapted for use to monitor the effect of the 
filter. 

In a second general aspect, a method for controlling the 
laser-processing machine includes reducing a speed of pro 
cessing in response to the measured photo-acoustical effect. 

In a third general aspect, a method for controlling the 
laser-processing machine includes stopping a speed of pro 
cessing in response to the measured photo-acoustical effect. 
The details of one or more embodiments of the invention 

are set forth in the accompanying drawings and the descrip 
tion below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, 
and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic diagram of a gaseous medium in the 
region of a laser-processing machine. 

FIG. 2 is a schematic diagram of a laser-processing 
machine. 

FIG. 3 is a schematic diagram of an apparatus for control 
ling a laser-processing machine 

Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

Referring to FIG. 1, an arrangement 1 is shown with a 
gas-tight measuring cell 2 into which a gas atmosphere to be 
analyzed can enter and exit through a gas inlet 3 and a gas 
outlet 4. The gas is suctioned by means of a vacuum pump. 
The measuring line and measuring cell 2 must be evacuated to 
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achieve the required purity. To analyze the gas, diagnostic 
radiation 5 of a CO laser (not shown) of the laser-processing 
machine is guided through the measuring cell 2 with a wave 
length of approximately 10 um. 
When gas molecules (e.g., SF) absorb part of the diagnos 

tic radiation 5, the absorbed energy is given off subsequently 
in the form of kinetic and therefore thermal energy. This 
energy output produces a measurable pressure change in the 
gas cell, which can be detected by means of a sound detector 
(e.g., a sensitive microphone), due to the photo-acoustical 
effect. See L. B. Kreutzer: Laser opto-acoustical spectros 
copy. A new technique of gas analysis, Anal. Chem. 46:239A 
(1974). When the gas located in the measuring cell 2 is sys 
tematically irradiated with pulsed diagnostic radiation 5 and 
absorbing molecules are in the gas atmosphere, they can 
receive part of the diagnostic radiation for a short time-period 
Such that pressure change generated by absorption can be 
registered via a Sound detector and be evaluated by means of 
electronic signal processing methods. 

To generate the diagnostic radiation 5, a Small part of the 
output of the CO laser available for material processing of a 
workpiece is decoupled from the beam used for material 
processing. To generate a pulsed laser beam for diagnostic 
radiation 5, the chopper wheel 8 (e.g., a mechanical beam 
chopper) is used. Alternatively, the laser can be pulsed in a 
defined manner in the processing breaks, if possible, two to 
three specific measuring frequencies can be generated. 10 to 
20W of the laser radiation of the CO laser beam impinging 
preferably on the rear mirror 7 of a radiation source is utilized. 
Approximately 0.2 to 1% of the laser power is decoupled for 
gas analysis. The diagnostic radiation 5 is guided through the 
measuring cell 2 wherein the Sound detector is located. A 
power measuring head 6 is located at the opposite end of the 
measuring cell 2 behind a window 9 for measuring the irra 
diated laser power. 
A partially-transparent mirror used for guidance of the 

CO laser beam can be used to decouple the diagnostic radia 
tion 5. The diagnostic radiation 5 can also be guided out of the 
processing beam of the CO laser through reflection or dif 
fraction and be irradiated into the measuring cell 2 through a 
window 10. 

Small concentrations of SF, or CH can be detected in the 
measuring cell, since strong absorption of a diagnostic radia 
tion (e.g., 10.6 um) can be utilized. Decoupling of the diag 
nostic radiation from the existent laser radiation for material 
processing permits omission of an additional measuring laser, 
which is contained in the conventional systems. Real-time 
analysis of the quality of the gas atmosphere in the beam path 
or of the working gases of the laser and the welding or cutting 
gases can be realized. 
The arrangement 1 can be permanently installed on a laser 

processing machine (e.g. as diagnostic unit), which is not 
shown. The arrangement 1 may be provided as a diagnostic 
module, which can be retrofitted and be additionally mounted 
to an existing laser processing machine. It is also possible to 
connect the arrangement 1 for a short time to the laser-pro 
cessing machine for measurements or analyses. The arrange 
ment 1 can measure the quality of a gas atmosphere within the 
laser-processing machine (Suctioned by a vacuum pump) in a 
cyclic fashion: air or nitrogen in the beam path; cutting, 
welding or protective gas for material processing; and laser 
operating gases. Possible problems of material processing 
due to influence of the laser radiation through contaminated 
gases can be preventively avoided. 
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The gas atmosphere can be controlled in the beam guide 

way as regards purity. The rinsing (cleaning) gas (nitrogen) 
must be blown through not on a permanent basis but only 
when required. 

Referring to FIG. 2, in a laser-processing machine 11, one 
single measuring cell 12 is provided for checking the gas 
composition in the feed lines of the Supply gases, the cutting 
and working gases, and the gases in the beam path. The laser 
beam 14 that exits from a rear mirror 13 of a laser 27 and is 
Supplied to a power measuring head 14 is directed into the 
measuring cell 12 as a diagnostic beam. Gases to be examined 
are selectively supplied to the multiplex circuit and valves 15. 
These may be gases from feed lines for Supply gases of the 
laser (i.e., from a feed line 16 (CO2), 17 (N2) and 18 (He)). 
The gas atmosphere in a beam path 19, into which cutting and 
working gases are guided via a feed line 20 (O2) and a feed 
line 21 (N2) can be tested since the feed line is provided with 
a gas exit 22, a feed line to the measuring cell 12, and a valve 
15. The measuring cell 12 is associated with a vacuum pump 
23 for evacuating the measuring cell 12. Feedback of the 
gases into the beam path 19 after the gas exit 22 is also 
feasible. 
The laser-processing machine 11 is completed by a Suc 

tioning unit 24 with a filter for the gases of the laser-process 
ing machine 11. If plastic material is cut and an active carbon 
filter is used, the filter effect can be monitored by means of the 
arrangement for gas analysis (measuring cell, sensor) and a 
warning signal can be generated when the active carbon is 
covered and adsorption is insufficient. 

Referring to FIG.3, the gas flow of the working and cutting 
gases can be regulated by controlling the gas Volume 25 in the 
beam path 19 for absorption of diagnostic radiation. A com 
parison between the actual value and the desired value results 
in that when a limiting value X has been exceeded, the flow 
rate Q of the working and cutting gases is increased during 
absorption to replace the disturbing gas molecules by follow 
ing gas molecules of the working and cutting gases. The 
rinsing gas (nitrogen) must not be blown through at a perma 
nent basis at a high flow rate, but only when required. 
A control unit can be provided for using a rinsing gas in 

response to the measured photo-acoustical effect. The rinsing 
gas may be used only when required. The N consumption 
can be reduced. The flow rate of the gases of the laser-pro 
cessing machine is controlled in that when the feed line or the 
laser beam path is contaminated, the feed line or laser beam 
path is cleaned with an increased flow through the feed or 
through-flow with gases of maximum purity. 
To facilitate the design of the laser processing machine a 

common measuring cell may be provided for analyzing dif 
ferent gases of the laser processing machine, in particular of 
Supply gases of the laser and/or the laser processing machine, 
cutting and/or working gases. 

Furthermore, the measurement of the photo-acoustical 
effect may be used to control the laser-processing machine by 
reducing the speed (emergency run) of processing or stop 
processing (stop) depending on the measured photo-acousti 
cal effect. Faulty processing is interrupted in due time. 
A number of embodiments have been described. Neverthe 

less, it will be understood that various modifications may be 
made. Accordingly, other embodiments are within the scope 
of the following claims. 
What is claimed is: 
1. A laser-processing machine comprising: 
a laser that produces laser radiation at a wavelength w and 

that is associated with one or more operating gases, 
wherein the one or more operating gases include one or 
more gases of the gas atmosphere through which the 
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laser is guided, one or more laser-processing machine 
gases that are used on the workpiece, and one or more 
Supply gases for the laser, 

a means for decoupling diagnostic radiation from the laser 
radiation that is produced by the laser, the means for 
decoupling diagnostic radiation being positioned in the 
path of the laser radiation that is produced by the laser 
thus providing diagnostic radiation that is used for 
analysis of one or more operating gases and providing 
laser radiation that is directed to the workpiece: 

a measuring cell that contains a portion of the one or more 
operating gases to be analyzed, the measuring cell being 
positioned downstream of the means for decoupling 
diagnostic radiation and in the path of the decoupled 
diagnostic radiation Such that the measuring cell 
receives the decoupled diagnostic radiation; and 

a Sound detector for detecting a photo-acoustical effect due 
to absorption of the diagnostic radiation at the wave 
length by the portion of one or more operating gases in 
the measuring cell to thereby analyze the one or more 
operating gases. 

2. The laser-processing machine of claim 1, wherein the 
laser radiation is CO laser radiation. 

3. The laser-processing machine of claim 1, wherein the 
means for decoupling the diagnostic radiation from the laser 
radiation produced by the laser includes a means for diffract 
ing laser radiation used for power measurement. 

4. The laser-processing machine of claim 1, wherein the 
means for decoupling the diagnostic radiation from the laser 
radiation produced by the laser includes a means for reflect 
ing laser radiation used for power measurement. 

5. The laser-processing machine of claim 1, wherein the 
means for decoupling the diagnostic radiation from the laser 
radiation produced by the laser includes a partially-transpar 
ent mirror for reflecting laser radiation used for power mea 
Surement. 

6. The laser-processing machine of claim 5, wherein the 
partially-transparent mirror is a rear mirror of the radiation 
SOUC. 

7. The laser-processing machine of claim 1, further com 
prising a mechanical means for generating a pulsed diagnos 
tic radiation. 

8. The laser-processing machine of claim 1, further com 
prising an electronic means for generating a pulsed diagnostic 
radiation. 

9. The laser-processing machine of claim 1, further com 
prising a control unit for using a rinsing gas in response to the 
photo-acoustical effect measured. 

10. The laser-processing machine of claim 9, wherein the 
control unit is formed for controlling the flow rate of one or 
more operating gases of the laser processing machine in 
response to the analysis of a gas atmosphere in feedlines or in 
a laser beam path. 

11. The laser-processing machine of claim 1, wherein the 
one or more laser-processing machine gases are Supply gases. 

12. The laser-processing machine of claim 1, wherein the 
one or more laser-processing machine gases are cuffing gases. 

13. The laser-processing machine of claim 1, wherein the 
one or more laser-processing machine gases are working 
gases. 

14. The laser-processing machine of claim 1, further com 
prising a filter, wherein the configuration of the measuring 
cell and the sound detector are adapted for use to monitor the 
effect of the filter. 
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15. The laser-processing machine of claim 1, further com 

prising a means for directing the portion of the laser-process 
ing machine gas in the measuring cell to flow back to the laser 
after it has been analyzed. 

16. The laser-processing machine of claim 11, wherein the 
Supply gases are Supply gases of the laser. 

17. The laser-processing machine of claim 1, wherein the 
one or more laser-processing machine gases are laser operat 
ing gases. 

18. The laser-processing machine of claim 17, wherein the 
laser operating gases comprise CO. 

19. The laser-processing machine of claim 1, wherein the 
one or more laser-processing machine gases are welding 
gases or protective gases. 

20. A diagnostic machine comprising: 
a radiation decoupler positioned downstream of a laser and 

in the path of laser radiation of wavelength that is 
produced by the laser to provide diagnostic radiation and 
to provide laser radiation that is directed to a workpiece; 

a measuring cell that contains operating gas to be analyzed, 
the measuring cell being positioned downstream of the 
radiation decoupler and in the path of the decoupled 
diagnostic radiation Such that the measuring cell 
receives the decoupled diagnostic radiation, wherein the 
measuring cell includes an inlet that receives the oper 
ating gas to be analyzed from one or more of gases of the 
gas atmosphere through which the laser is guided, laser 
processing machine gases that are used on the work 
piece, and Supply gases for the laser; and 

a sound detector positioned relative to the measuring cell, 
and configured to detect a photo-acoustical effect due to 
absorption of the decoupled radiation at wavelength by 
the operating gas in the measuring cell to thereby ana 
lyze the operating gas. 

21. The diagnostic machine of claim 20, wherein the radia 
tion decoupler includes a diffractor that diffracts the laser 
radiation produced by the laser. 

22. The diagnostic machine of claim 20, wherein the radia 
tion decoupler includes a reflector that reflects at least part of 
the laser radiation produced by the laser. 

23. The diagnostic machine of claim 20, wherein the radia 
tion decoupler includes a partially-transparent mirror that 
reflects the laser radiation produced by the laser. 

24. The diagnostic machine of claim 20, further compris 
ing a pulse generator at an output of the laser and in the path 
of the laser radiation produced by the laser. 

25. The diagnostic machine of claim 20, further compris 
ing a control unit for using a rinsing gas in response to the 
photo-acoustical effect measured. 

26. The diagnostic machine of claim 20, further compris 
ing a filter, wherein the configuration of the measuring cell 
and the Sound detector are adapted for use to monitor the 
effect of the filter. 

27. The diagnostic machine of claim 20, wherein the oper 
ating gas to be analyzed is a laser operating gas. 

28. The diagnostic machine of claim 27, wherein the laser 
operating gas is CO2. 

29. The diagnostic machine of claim 20, wherein the oper 
ating gas to be analyzed comprises gas from a gas atmosphere 
within the laser. 

30. The diagnostic machine of claim 20, wherein the oper 
ating gas to be analyzed is a Supply gas of the laser. 

31. The diagnostic machine of claim 20, wherein the oper 
ating gas to be analyzed is a cutting gas or a Working gas. 

k k k k k 
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